Through the comparison and analysis of some recent patents on the fault-tolerant designed method, this paper addresses the problem of robust guaranteed cost fault-tolerant for nonlinear networked control systems (NNCS) with network-induced delay and packed dropout. Firstly, we adopt observer and state-feedback control strategy, wherein states are immeasurable. Then, by constructing appropriate Lyapunov-Krasovskii functional, based on T-S fuzzy model, a delaydependent sufficient condition is deduced for robust guaranteed cost fault-tolerant control. Further, observer-based gain and state-feedback controller gain can be obtained and optimized. Finally, an example is used to illustrate the effectiveness and feasibility of the proposed approach.
INTRODUCTION
According to European Patent 2075961 [1] and U.S. Patent 7426189 [2] , (Networked Control System) NCS is a control system of full-distributed real-time feedback which connects the sensors, controllers and actuators from different locations through network.
In the past decade, NCS has become a widespread concern in research areas. Although NCS has advantages of a low cost, easy installation and maintenance, system reliability and flexibility, easy to fault diagnosis, etc., network delay and packet dropout have become primary problems, which cannot be avoided due to bandwidth, irregular flow and unreliable transmission. Not only does it cause the system performance degradation, and even lead to system instability [3] [4] [5] . In addition, compared with traditional systems, NCS is larger in scale and more complicated in structure, therefore all kinds of uncertainty and fault-induced factors have greatly increased. As a result more and more researchers have started to focus on the fault-tolerant control of NCS [6] [7] [8] , hoping to get better performances and higher safety and reliability [9, 10] .
In the practical, the nonlinear properties more or less exist in NCS. Due to its complexity, there are fewer studies on the fault tolerant. The preceding fault-tolerant control researches on NNCS are discussed by adopting state-feedback control strategies [11] . However, not all states can be *Address correspondence to this author at the College of Electrical and information engineering,Lanzhou University of Technology, Lanzhou, 730050, China; Tel: 0931-2976020; Fax: 0931-2973506; E-mail: wangj31901@163.com measured. Therefore, targeted at a class of uncertain NNCS and based on observer of fuzzy state, this paper studies the control problem of the robust fault-tolerant guaranteed cost while considering the influences of time-delay and packet dropout under the condition of actuator failures. Therefore, we can get according to [12, 13] 
SYSTEM DESCRIPTION
where i is the number of if-then rules; F ij (j=1,2,…,n) and (t)=[ 1 (t), 2 For any given ( ) t x and ( ) t u , by using a singleton fuzzifier, product inference and centre-average defuzzifier, the local models can be integrated into a global nonlinear model:
, and ( ( )) It is assumed that all of the state variables are unmeasurable for NNCS, but it is observable. According to parallel distributed compensation (PDC) technique, the fuzzy dynamic output feedback controller is observer-based of fulldimension which shares the same premise parts as the fuzzy system, and has the following form
is the estimation of state vector ( ) t x ; j K is the control gain matrix for the jth controller rule, i I is the observer gain matrix for the ith observer rule.
Substituting (6) into (4) and (5) yields the close-loop NNCS as follow 
Defining the estimation error( ) ( ) ( ) t t t = e x x , we get When the switching matrix L is laid between the feedback matrix j K and input matrix i B , we get the following uncertain nonlinear networked closed-loop fault system (UNNCFS) (11) According to the UNNCFS, we define the guaranteed cost function
where Q and R are given positive definite symmetric matrices.
In our study, based on observer, the aim of robust faulttolerant guaranteed cost control is to seek the control gain matrix j K and the observer gain matrix i I such that the UNNCFS (10)- (11) 
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Proof: the proof is cut off due to space limitation. contact the authors for the detailed proof.
Remark 1: In order to determine the observer gains i I , we have to set 2 1 d = P P to obtain the LMI conditions. The scalar d should be given prior to solve LMI (13) and (14) .
How to choose scalar d for optimization is still an open problem. Hence, we determine the scalar d by the trial and error method.
Remark 2: The theorem 1 provides a robust fault-tolerant guaranteed cost condition in form of delay-dependent, which include some of the information of delay from controller to actuator and from sensor to controller. Especially, introducing of lower delay bound, the result is less conservative [17] .
Optimization of Guaranteed Cost
Control gain matrix j K and observer gain matrix i I can be solved via the above theorem 1, and the guaranteed cost function J satisfies The proposed optimization algorithm is a convex problem which is constrained by LMIs, and then it can be solved via the mincx solver of LMI tools.
THE CIRCUIT
In this section, we use an example to demonstrate the effectiveness of our main result.Consider the following NNCS with parameter uncertainties which is borrowed from [12] :
The membership function are Rule 1: if x2 is M1 then Considering the actual NCS, we assume T=0.05s, choose d=0. 4 , iM (i = 1,2) = 2 , sci (i = 1,2) are 0.01s and 0.1s, respectively. cai (i = 1,2) are 0.01s and 0.1s, respectively.
Then we can solve convex problem (13), (14) by using LMI toolbox to obtain Fig. (2) , and zeroinput response curve of the state vector x1, x2 are shown in Fig. (3) .
It can be seen from Fig. (2) that state estimation error quickly approximate to zero, which show that the states of closed-loop NNCS with possible actuator failures can be estimated well via the observer. Fig. (3) can be seen that NNCFS is not only asymptotically stable, but also has good dynamic performance. These indicate that the proposed method makes the NNCS against possible actuator failures have the capability of robust faulttolerant guaranteed cost.
In addition, in terms of 3.2, we can receive the following optimal robust guaranteed cost fault-tolerant controller and observer gains: the upper boundary of guaranteed cost function * 28.363 J .
CURRENT AND FUTURE DEVELOPMENTS
In this paper, based on T-S fuzzy model, we studies the control problem of the robust guaranteed cost fault-tolerant on uncertain NNCS which includes time-delay and packet dropout under the condition of possible actuator failures. By constructing appropriate Lyapunov-Krasovskii functional, adopting the Jensen inequality and matrix separation technologies, this paper deduces a delay-dependent sufficient condition for robust guaranteed cost fault-tolerant. Further, we give the approach of solving for optimal controller and observer gains via optimizing. Finally, an example is used to illustrate the effectiveness and feasibility of proposed approach. In the future, in order to save the limited communication resources and improve the safety reliablity of NCS, we will research the active-passive hybrid fault-tolerant control under the event-trigger communication mechanism against the actuator failure.
